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Abstract. Mastitis is one of the most important bovine diseases causing economic losses to dairy producers and 
it is a consequence of the activity of various internal factors that cooperate to destroy the invading 
microorganisms. The local immune response during the bacterial infection is fundamental in effectively 
designing therapies and control measures to help  eradicate bovine mastitis (Oviedo-Boyso et all., 2007). Many 
studies have examined the intramammary neutrophil, lymphocyte, and monocyte function by in vitro “testing”, 
but a gap still persists in relating the local, innate and adaptive immune function to the systemic process of 
immune defense of the mastitic animals. The study aimed to establish a connection between non-specific 
(phagocytosis, total Ig, circulating immune complexes) and specific (lymphocytes) effectors involved in the 
overall immune protection of the intensively farmed animals, diagnosed with various degrees of clinical mastitis, 
and the species of bacteria involved in inducing the disease, as well as to investigate the therapeutic potential of 
several vegetal extracts. The microbiological results indicated a dominance of staphylococci, but did not exclude 
Gram-negative bacteria, suggesting the endemic chatacter of the mastitis in the investigated unit. Clinical disease 
influenced the humoral immune effectors in a differentiated manner, significantly increasing the total Ig levels, 
but diminishing the CIC concentrations. Both phagocytosis and blast transformation capacity of mononuclear 
cells were diminished in diseased animals, indicating a poor cellular defence at systemic level, possibly due to 
the circulating staphylococcal enterotoxin.  Only the Thymus vulgaris extract showed restoring capabilities in the 
blast transformation test, suggesting possibilities for its potential therapeutic use. 
 
INTRODUCTION 
 
Mastitis is one of the most important bovine diseases causing economic losses to dairy 
producers and it is a consequence of aggressiveness of the “invader” the activity of various 
internal factors that cooperate to destroy the invading microorganisms. In spite of the efforts 
deployed to control it, the incidence of mastitis continues to be one of the highest of all the 
cattle diseases and its prevalence in dairy herds remains at the forefront on the international 
scale, as a result of the most common, subclinical form of the disease (Rainard and Riollet, 
2006). Disorders such as mastitis, associated with an animal’s inability to cope with the 
demands of high production also have an economic impact, leading to early culling, especially 
in intensively raised animals (Goff, 2006). The major losses are produced through reduction 
in milk yield and waste of milk unfit for consumption due to mainly massive antibiotic use 
(Rainard and Riollet, 2006). The prevention and treatment of mastitis represent a serious 
burden to producers and are primary concerns of the dairy industry. 
The factors involved in the inflammatory response recorded during mastitis differ 
depending on the infectious agent. The local immune response during the bacterial infection is 
fundamental in effectively designing therapies and control measures to help  eradicate bovine 
mastitis (Oviedo-Boyso et all., 2007). Local and mobilized innate defense mechanisms are 
bound by the inflammatory processes, so that when resident defenses are not sufficient to 
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delineate or eradicate the infection, systemic effectors are recruited to come to the rescue 
(Rainard and Riollet, 2006). 
A comparison of the innate reactivity to various Gram-positive (S. aureus and S. uberis) 
and Gram-negative bacteria (E. coli and Serratia marcescens) indicated that although the 
inflamatory responses were comparable for the Gram-negative germs they greatly differed for 
the Gram-positive ones. This results suggested that the response to Gram-positive bacteria is a 
function of the causative organism. 
Many investigations have examined the intramamary neutrophil, lymphocyte, and 
monocyte function by in vitro “testing” (Goff, 2006), but a gap still persists in relating the 
local, innate and adaptive immune function to the systemic process of immune defense of the 
mastitic animals. 
This study aimed to establish a connection between non-specific and specific effectors 
involved in the overall immune protection of the intensively farmed animals, diagnosed with 
various degrees of clinical mastitis, and the species of bacteria involved in inducing the 
disease. Furthermore, since immunomodulation of the innate and adaptive immune defenses 
of the mammary gland has attracted a lot of interest (Rainard and Riollet, 2006), the in vitro 
effects of certain vegetal extracts were also tested in the blast transformation test of 
leukocytes.  
 
MATERIAL AND METHODS 
 
Animals. Intensively farmed, mainly Holstein (n=13) but also several Romanian Spotted 
(n=4) lactating cows were selected, based on the results of their clinical examination and 
organoleptic changes of the milk, in conjunction with paraclinical milk quality tests (R 
Mastitest, Romania). The animals (n=17) were diagnosed with one or more quarters affected 
by the infection. 
Biological samples. Milk samples from the affected as well as from the healthy quarters 
of the udder were collected in sterile containers, at the beginning of milking and stored at 
37°C till testing within maximum 2 hours.  Blood was harvested from the same animals, in 
parallel, for serum and on heparine (50IU/ml) for the blast transformation test and 
phagocytosis. Sera were separated from the clot and stored in the freezer, while heparinized 
blood samples were tested within 4 hours after sampling.   
Microbiological tests were carried out on all the milk samples, inseminating all the 
samples on simple broth or 2% agar (Simple broth and Standard solid culture medium, 
Cantacuzino Institute, Bucharest) and further cultivating the isolates on Chapman medium 
(Oxoid, UK) to isolate manitol positive staphylococci.  
Immunological tests. Total immunoglobulin, known as opsonins, play an important role 
in the “first line of defense”, that is innate immunity, against aggressors. At a pH·7.4, the 
electric charge and colloidal stability of gamma globulins are lower than those of serum 
albumins. The serum content in total immune globulins was established by means of 24%o 
zinc sulphate precipitation micro method. Thus, in a 96 well-plate, each 196.7 microliters of a 
zinc sulphate solution were mixed with 3.3 microliters of serum from the tested animals and 
allowed to precipitate for 30 minutes at room temperature. Further, the optical densities were 
red against the zinc sulphate solution with a multichanell spectrophotometer (SUMAL PE2, 
Carl Zeiss, Jena) at 475 nm wave lenght. The total Ig levels were recorded as optical density 
units (ODU). 
 Circulating immune complexes. Measurement of the level of circulating immune 
complexes (CIC) allows evaluation of the molecular clearance capacity at a particular 
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moment. Part of the collected blood was allowed to clot for 30·min at 37°C and then 
centrifuged at 1308·g for 10·min. Sera were removed and kept at –20°C until tested. A 4.2% 
polyethylene glycol (PEG) solution in borate buffer was used as the precipitating agent, while 
buffer-treated samples served as controls for borate-induced precipitation. The reaction was 
performed in a 96-well-plate to enhance spectophotometrical readings. Volumes of 193.4·ml 
of borate buffer and PEG solution, respectively, were mixed with 6.6·ml samples of the 
serum, for each sample, in parallel wells. The samples were allowed to precipitate at room 
temperature (22–23°C) for 60·min, then read spectrophotometrically at a wavelength of 
450·nm in the test plate (d=0.5·cm) (multichannel spectrophotometer SUMAL PE2, Karl 
Zeiss, Jena, Germany). CIC concentrations, expressed in optical density units (ODU) were 
calculated by subtracting the value of the control (serum + buffer) from that of the PEG 
precipitate. Hemolysed sera were excluded from testing. 
Phagocytic activity of the whole blood. Phagocytic cells engulf inert particles such as 
carbon due to the defensive capacity of these cells. The capacity of circulating white blood 
cells of the experimental animals to engulph inert particles was tested by mixing 1.5 mililiters 
of heparinized blood with 1.5 microliters of India ink (Pelikan, Germany) and transferring 
amounts of 150 microliters of the mixture to tubes containing 3 ml of saline at 0, 20 and 40 
minutes of incubation at 37°C. All the tubes were centrifuged at the end of the incubation at 
419·g, and the supernatants were places in 96 well-plates for spectrophotometrical reading of 
optical densities at 535 nm and d=0.5 against saline. There was a decrease in absorbance with 
time as carbon was phagocytized. Phagocytic activity index was calculated as the difference 
between the natural logarithms of the optical densities of the phagocytosis at 0–20·min and 
20–40·min divided by time (20·min). 
Leukocyte blast transformation test. The leukocyte blast transformation test measures 
the in vitro reactivity of mononuclear cells to sensitizing (in vivo encountered) antigens or 
other mitogens. In the experiment it monitored the changes of the in vitro blast transformation 
capacity of mononuclear cells from diseased animals as well as the influence of certain 
alcoholic vegetal extracts on this capacity. Cell growth was quantified by means of the 
glucose consumption technique. Part of the blood sample (640 microliters) was diluted with 
four times the amount of RPMI 1640 (Sigma-Aldrich). The mixture was distributed in wells 
of a sterile 96 well plate (200·microliters per well). Eight treatment variants of the cultures 
were tested once for each individual animal, namely (1) untreated control culture, (2) 
phytohaemagglutinin-M (PHA) (1·microliter per well) treated culture, (3) alcohol (1. 5 
microliters/well) treated culture, (4–8) vegetal extracts of E.angustifolia, Hyppophae 
rhamnoides, Sylibum marianum,  Aloe vera and Thymus vulgaris (1.5·microliters per well). 
Each variant was tested in duplicate. The quantities of both PHA and antigens were 
established when using the same technique during preliminary studies as being the most 
effective in vitro for the tested species. The cultures were incubated for 72·h at 37°C and 5% 
CO2. Glucose concentrations were measured in the initial medium and in all variants at the 
end of the incubation period, using a standard (100·mg·dl–1) glucose solution, by means of an 
orto-toluidine colorimetric test. To do this, 12.5·microliters of the cultural supernatant were 
transferred to 0.5·ml of orto-toluidine reagent, boiled for 8·min, cooled suddenly in cold water 
and read in a spectrophotometer at 610·nm wavelength (SUMAL PE2, Carl Zeiss, Jena), 
using the reagent as a blank. The transformation index (TI) was calculated as follows: 
TI%=[(MG–SG)/MG]´100, where TI=blast transformation index, MG=glucose concentration 
in the initial culture medium and SG=glucose concentration in the sample after incubation. 
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The data were interpreted using the Excel program and were presented as mean values 
and standard deviations. The statistical significance of the differences was estimated by t-
Student test. 
 
RESULTS AND DISCUSIONS 
 
Microbiological results. The isolates from the milk samples proved to contain mainly 
staphylococci, but some Gram-negative bacteria (E.coli and Pseudomonas aeruginosa) were 
also present, each in one sample. Fourty percent of the fore left, 37.5 of the left hind, 15 per 
cent of the fore right and 50 per cent of the hind right quarters were affected by 
Staphylococcus spp. The apparently healthy milk samples aslo contained pathogenic bacteria, 
indicating the endemic character of the disease in the investigated raising unit. This result is 
even more alarming, since certain species of S. aureus are enterotoxin positive, and 
enterotoxins are staphylococcal virulence factors responsible for food poisonings in humans. 
Furthermore, these proteins were also isolated from cows with mastitis (Nawrotek et all., 
2005). To solve this situation, vaccination against mastitis could be an option, still, for the 
time being, the panoply of mastitis vaccines is neither well stocked nor very efficient (Rainard 
and Riollet, 2006). Therefor, radical non-specific hygiene measures seem to be more realistic 
in the investigated unit. 
 Immunological results. Understanding the immune defenses of the mammary gland is 
crucial in implementing appropriate measures to control mastitis, an important illness of dairy 
cattle. Information is being gained on the recognition of pathogens by the mammary gland, 
and on several locally inducible defenses. The contribution of mammary epithelial cells to 
local defenses and to the mobilization of leucocytes is proving more and more its importance. 
Interactions of mastitis-causing bacteria such as E. coli or S. aureus and the local immune 
factors represent a model for studies on innate immunity at an epithelium frontier. 
Enhancement of the resistance to mastitis in cattle through genetic selection and 
immunemodulation seem more and more feasible (Rainard and Riollet, 2006). 
The establishment of total Ig levels at a certain point of the mastitic infection could 
provide useful information on the efficacy of opsonins to bind the agressor microorganisms in 
ensuring the intramamary protection and the capacity of the immune system to replace the 
locally used opsonins.  
The data obtained in quantifying the total Ig and CIC levels in the mastitic animals 
were presented in table 1. 
Table 1. 
Total immune globulin levels (mean values and standard devations) 
Parameter Total Ig (optical density units, 
ODU) 
Immune complexes (ODU) 
Mean 0,543 0,004 
Standard deviation 0,279 0,001 
 
When compared to physiological values of these parameters in healthy cows (0,079-
0,090 ODU), total serum Ig concentrations were significantly increased  (p<0-01).  
Still, the simultaneous presence of low levels of CIC could either indicate an increased 
clearance of the complexes, that might diminish the activation of the alternative pathway of 
the complement or a diminished capacity of these immune globulins to bind the antigen by 
forming immune complexes, consistent with the very high levels of total Ig. The latter 
phaenomenon could explain the presence in the milk of occasionally pathogenic bacteria such 
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as E. coli.  
 It is nowadays almost unanimously accepted that the polimorphonuclear cells  (PMN) 
represent a  key factor in the cows' defense against intramamary infection with E coli. They 
enter the mammary gland and kill the invading pathogens, releasing meanwhile mediators that 
lead, after all, to permanent scarring that results in a loss of milk production. PMN's act as 
friends and as foes and are important components in the balance between mammary defense 
and damage (Burvenich et all., 2004).  
The diapedesis of phagocytes from the blood to milk is utmost important in stopping 
the bacterial growth in the mammary gland, since the leucocytes present in normal milk are 
not very efficient in preventing infection. Both the PMN’s vigor and the bacterial 
aggressiveness are important in the course of the disease, therefore a better knowledge of the 
effector cells and of the mediators involved in the mobilization of neutrophils could help in 
modulating the udder defense (Paape et all, 2002;  Rainard and Riollet, 2003). 
 Phagocytic activity of the circulating leukocytes from the diseased animals was 
presented in table 2.  
Table 2. 
Phagocytic activity (mean values and standard devations) 
Parameter 0 ln 20min ln 40 min ln 
ln0-
ln20/20 
ln20-
ln40/20 
Mean 0.558 -0.583 0.481 -0.732 0.474 -0.747 0.0074 0.0007 
Stdev 0.125 -0.114 0.217 -0.341 0.111 -0.298 0.0028 0.0003 
 
The results indicated a more pronounced phagocytic activity per minute during the first 
period of testing, phagocytosis decreasing with time. When compared to physiological values 
of the species (0.010-0.012), there was a statistically significant decrease (p<0.05-0.01), for 
both reading periods. Such a poor phagocytosis could be connected with the survival and 
persistence of pathogenic bacteria and the increase of the clinical outbreaks of mastitis.  
The defense of mammary gland is characterized by its complexity and over the last 
years many data show that there are tight connections with the mononuclear cells in 
mammary gland tissue. Today it is known that T cells play a central role in orchestrating the 
immune response (Burvenich et all., 2004).  
Vegetal extractions were used for the treatment of numerous diseases in both humans 
and animals, due to their capacity to positively influence the immune system (González 
Pereyra et all., 2005; Hăncianu et all., 2007). Some of these vegetal extracts also showed 
antimicrobial activity simultaneously stimulating the CD8+ T cells (Calvo et all., 2006). The 
results obtained in cultivating the leukocytes from diseased lactating cows were presented in 
table 3. 
 Table 3 
 Blast transformation indices (mean values and standard devations) 
Param. M PHA 
 M Alc 
E.angusti
-folia 
Hyppo-
phae  Sylibum Aloe Thymus 
Mean 36.97 46.67 55.00 51.36 52.27 46.36 55.30 58.94 
Dev. St. 10.003 7.94 12.18 8.79 9.21 9.71 8.65 6.81 
Legend: M= control; PHA M= phytohaemagglutinin treated culture; Alc= alcohol; Ea= Echinacea angustifolia 
extract; Hyppophae =Hyppophae rhamnoides alcoholic extract; Sylibum= alcoholic Sylibum marianum extract; 
Aloe= alcoholic aloe vera extract; Thymus =alcoholic thyme extract 
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The control and mitogen induced blast transformation indices were low in cows 
suffering from mastitis, when compared to the physiological values (52-58%). These findings 
might be consistent with those of Park et all. (2006), indicating a lower stimulation of the 
bovine lymphocytes when treated with staphylococcal enterotoxin, used as a superantigen, 
during the first four days of cultivation. Since Staphylococcus spp. was the major bacteria in 
the diagnosed cases of mastitis, and it could be partly made responsible for the inability of the 
mammary immune system to establish an effective response to Staphylococcus aureus 
infections, the bacterial growth could also influence the circulating T cells, lowering their 
replicative potential.  
Out of the tested vegetal extracts, only the Thymus vulgaris one acted stimulating when 
compared to the solvent (alcohol) control, suggesting a potential use as an immune stimulator 
of this extract. 
CONCLUSIONS  
 
 The microbiological results indicated a dominance of staphylococci, but did not exclude 
Gram-negative bacteria, suggesting the endemic character of the mastitis in the 
investigated unit.  
 Clinical disease influenced the humoral immune effectors in a differentiated manner, 
significantly increasing the total Ig levels, but diminishing the CIC concentrations.  
 Both phagocytosis and blast transformation capacity of mononuclear cells were 
diminished in diseased animals, indicating a poor cellular defense at systemic level, 
possibly due to the circulating staphylococcal enterotoxin.   
 Only the Thymus vulgaris extract showed restoring capabilities in the blast transformation 
test, suggesting possibilities for its potential therapeutic use. 
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